Introduction
Electronic Data Interchange (EDI) consists in the interchange of structured and standardized data between computers belonging to parties involved in a business relationship. The potential of EDI has been recognized since the mid-70's when the dematerialization and the automation of document transmission and handling was identified as a source of major time and money savings. Indeed the transmission of electronic information through a telecommunications network is about 10,000 times faster than and one-sixth as expensive as the physical transmission of a paper document by the postal service. Moreover, the manual handling of a paper document by the sender and the receiver is slow, expensive, and generates many mistakes. In 1989, the COST 306 Committee estimated that the automation and dematerialization of inter-firm information exchanges could halve the generated administrative costs; the latter can be estimated at between 10% and 15% of the price of products 1 .
Such figures led to the interest in EDI and induced many economic actors -firms, public administrations, governments and international authorities -to support EDI developments and implementation.
It must be understood that EDI does not refer to the transmission of free-form messages 2 .
The main interest of EDI is, indeed, in enabling the automation of inter-firm communications and associated information handling processes, allowing business partners to substitute capital for labor, to increase the accuracy of their information exchanges, and to accelerate these exchanges 3 . The firms make their interactions more uniform ( § 12) . This has a strong impact on the issue of EDI standards.
From EDI standards to specific operational messages
In the early days of EDI, individual user organizations found it necessary to establish rigid and proprietary rules of communication with their close business partners. The spread of these local standards was quickly recognized as an inefficient solution since it obliged the economic agents involved in several relationships to install multiple EDI systems or to process the received documents manually (and that is no longer actual EDI, see note 2 p. 1). This led to the development of intraindustry standards of communication both in the US and Europe: e.g. CIDX in the US Chemical Industry, PIDX in the US Petroleum Industry, AIAC in the US automotive industry, VDA in the German automotive industry, TRADACOMS in British grocery retailing, etc... The rationale for these national intra-industry standards was that they were easier to develop and economically justified. They were easier to develop than wider standards -i.e. standards involving all the participants in the productive system within a country, an economic community, or the worldbecause participants in a given business community are fewer, have a satisfacting knowledge about each other, and resort to similar business practices and information handling procedures. Moreover, intra-industry standardization institutions and associated traditions often already exist. Intra-industry standards are also economically justified since the bulk of the business transactions of many firms is often intra-industry. By developing national intra-industry communication standards companies were thus able to automate an important share of their external business communications. This is not true, however, for all companies and all industries. The more open to inter-industry transactions the company (or the industry), the less satisfacting these multiple EDI standards. In particular, industries that are inherently linked to all the other industries, such as banks, insurance, retailing and the transportation industries, are severely disadvantaged by the existence of this multiplicity of industry specific EDI standards. First, it generates high costs since these companies have to develop strong (automatic or human) translation capacities. Second, it brings down the functionality of EDI, because specific messages can be misadapted to the needs and capabilities of such transversal industries
These called for the development of trans-industry and international standards. Moreover, the national and international authorities pushed for the development of such standards as they were perceived as favoring competitiveness (in the case of national trans-industry standards) and free-trade (in the case of international standards). This resulted in national efforts such as EDIFRANCE or ANSI 12, on the one hand, and international initiatives such as TEDIS (EEC) or UN/EDIFACT, on the other.
This simplified picture of EDI standardization is however misleading since it encourages the idea that EDI standards are just neutral technical solutions to simple problems of (tele)communication between diversified computer systems. It seems to imply that EDI standards are some kind of increasingly perfect Esperanto when one moves from proprietary standards to UN/EDIFACT. In reality, this is not true. EDI standards are not just technical standards that enable users to transfer data among computers. Rather, they are intended to constitute a language that enables both information systems to "understand" each other. The aim of EDI standards is indeed that a received message can be correctly interpreted by the intended recipient information systems and therefore integrated into internal applications software such as inventory or production management systems. The aim is thus to transmit intent, not just data. Like each language, EDI languages embody inherent biases. As pointed out by linguists, languages are not designed to describe and think any objective "Truth". Rather they are designed to meet the communication needs of the users. Since different communities of users do not have the same needs because they live in different natural and social contexts, languages differ (e.g. Hagège, 1985) . Such biases are obviously especially strong for those languages which are conceived to support coordination among business organizations, because they are fitted to very specific and narrow needs 6 .
EDI standards are designed according to the information exchange requirements of the interorganizational arrangements for which they are intended. As these arrangements are very diverse among industries, various EDI standards are not meant for the transmission of the same type of
information. An electronic order in the petroleum industry will not resemble an order in grocery retail because the traded goods do not have the same features (large quantities vs. various small items, fluid vs. objects of diverse forms, values and packings, non perishable vs. perishable goods, etc.), and because the business practices differ; and not only because the information is coded differently.
Moreover, the diverse EDI standards can be constructed according to conflicting logic that reflect divergences between coordination techniques. For instance, some manufacturers do not send orders to their suppliers, but increasingly precise forecasts of their actual needs. These are radically different from orders since forecasts do not give precise volumes, but ranges, not precise references, but group of references. Moreover they have a varying level of commitment. Orders and evolving forecasts are two alternative and incompatible ways to inform a supplier of a company's needs. This diversity in information exchange requirements is basically the reason why there are strong incompatibilities among many EDI standards.
As a consequence, more "general" standards like UN/EDIFACT cannot be the simple HCF (Highest Common Factor) of all other (sub)standards. Rather they are optional standards that do not guarantee mutual understanding, but that avoid misunderstanding. In fact, EDI standards are intended to construct unambiguous messages, but not to define the precise setting of all possible messages.
Rather, they set the rules that must be enforced by users to build their messages in order to avoid developing messages that could resemble other messages containing different intents.
An EDI standard can be broken into two major categories of components:
-a Data Directory: Data elements are the equivalent to words in human languages. They must be precisely associated to a meaning; -a Syntax: the set of rules controlling the structure of a message and akin to the function of a grammar in a human language. These syntax rules define among other things:
* Segments: a grouping of related data elements that are logically associated (such as a name and an address). These segments facilitate the building of messages.
* Service segments: standardized instruction segments are implemented within the message to enable its automatic processing by the receiver.
* Hierarchical rules: the position of the diverse segments in the message influences its meaning. For instance, the same message can define several delivery places and a common address for the billing.
* Messages: a grouping of segments corresponding to a specific transaction such as an invoice These components enable users to construct usable messages. However, they do not define these messages. In fact, many of the above quoted elements are contingently defined by standardization committees. An EDI standard does not resemble a set of electronic forms with precisely defined rubrics and codification rules. It is rather a set of rules that define some generic syntax rules, a small amount of obligatory segments, some codification principles, and a tremendous amount of optional segments. This is true both for industry standards and for trans-national standards. The rationale for this is the following:
-First, EDI standards have to be adapted to the partners' information systems capabilities. If there were too many obligatory segments, most of the existing information systems would not be able to generate or interpret EDI messages. For instance, a transportation company is not interested in knowing the color of the car or of the jeans it carries. Thus its information system is not designed to process this kind of information. If the color was obligatory in the standardized EDI message it could not receive or send messages enforcing the standard.
-Second, EDI standards have to not only be adaptable to both partners' needs, but also to avoid waste. If the standardized messages had to incorporate all the potential information that is necessary to the direct and indirect participants in a business transaction, they would be immense and unmanageable, since many economic actors are involved in a business interaction, and since all of them need different types of information. Think, for instance, of a simple commercial transaction that involves at least a vendor and a sender that do not always belong to the same industry, two banks that do not always belong to the same country, one transportation company, some public agencies and authorities (tax administration, customs, etc.), and some insurance companies. If an EDI standard had to be fitted to all the potential needs of these diverse partners it would be quite impossible to generate standardized messages, or they would, at least, be unusable and too expensive to manage (They would particularly require the use of gigantic information systems).
As a result EDI standards are not usable per se 7 . Economic agents have to precisely define the data they will exchange, as well as agree on the messages, and optional segments they will use.
Moreover they have to make message interpretation rules explicit in order to suppress ambiguity. bills and orders, or between bills and shipping advices. The buyer also does not pay according to the bills but according to the information contained in its internal receiving advices that are different from the shipping notices because of transportation incidents and scrapped or returned materials (quality, errors, etc.). The consequence of these is that companies that receive a payment have to make a tremendous reconciliation effort to determine to which transactions they correspond 9 .
It has thus been pointed out that universal EDI standards does not make it possible to create usable languages that would be independent from specific business practices. First, since they fix codification and expression rules, EDI standards are inherently biased (see also Webster [1994] ).
Second, and above all, the more universal EDI standards, the less precise these codification and expression rules (because they are contingently defined). As a consequence, universal standards do not constitute languages per se, and actual users have to create their own languages by specifying the set of rules that they will actually enforce. The created operational messages and interpretation rules constitute some kind of sub-standards that are both highly specific and strongly related to specific business practices. In fact, universal EDI standards, like Esperanto, do not make it possible to overcome the strong relationship between the content of a communication and its envelope. Actual EDI languages, like every language, are inherently biased whether they have been constructed with universal or specific EDI standards. This restricts EDI communication to bounded communities.
Beyond these limits in communication due to the high specificity of EDI operational messages, the strong congruence between EDI operational messages and business practices tends to link the spread of EDI to a standardization of coordination processes.
From communication standards to standardized coordination processes
As pointed out above, EDI operational messages should fit the specific needs of a given coordination process, and therefore constitute the embodiment of business practices. I want now to
show that the spread of EDI techniques push for the standardization of the coordination processes used by agents. This is due to two main factors: (1) the implementation of EDI favors the recourse to standardized coordination processes; and (2) the use of EDI is essentially justified when specific coordination processes are implemented.
First, the existence of EDI operational messages favors the emergence of standardized interorganization interfaces. As EDI messages are strongly correlated to specific inter-organization arrangements, firms already using EDI with some business partners will try to duplicate their "EDIzed" transactions with their other partners. This will lead them to reproduce as often as possible the same types of organizational arrangements as those that are already "EDI-zed". There are two main reasons for this: First, it enables them to write off the development and implementation costs of EDI over a wide set of inter-firm transactions. Second, by adapting the coordination arrangement features of the marginal transaction to the existing EDI operational messages, firms avoid spending resources on new message developments and new adaptations of information systems. Moreover, intra-industry or universal EDI standards reinforce the trend toward the emergence of standardized interorganization interfaces, since firms that want to "EDI-ze" their transactions with other firms will be induced to use existing message components to develop their operational messages, because, (1) as they already exist, they bring the development and implementation costs down; (2) more universal standards make it possible to develop operational messages that could be compatible with other operational messages used upstream or downstream in the production process; and (3) messages based on such wide standards could possibly be more easily accepted by third parties (since they are not too specific to a particular pair of business partners, they are eventually usable by each partner with third parties, and they maintain an ability for each trader to switch to another partner).
Second, the usefulness of EDI techniques is strongly correlated to the use of specific coordination processes. In fact, EDI is a major factor in costs-savings and improving efficiency when it is implemented in conjunction with substantial coordination process changes. Roughly, the major potential of EDI is when it enables business partners to implement information intensive coordination arrangements that are globally more efficient than information saving coordination techniques that were used ex-ante (because of the restriction in the ability to communicate and process information).
Indeed, the deep root of EDI is the automation of coordination among companies, not cheaper communication. EDI is not a key technology because it makes possible the substitution of electronic messages for paper based messages, but because it is the necessary condition for an automation of business interactions resulting in the substitution of capital for labor, more reliable and faster coordination processes, etc. To a large extent EDI is an artefact of the control and rationalization revolution pointed out by Bell (1973) and Beniger (1986) . This revolution rests on the use of information technology as a means of managing complexity by enabling complex optimization processes and rapid and accurate information transmission. EDI is the technology that enables firms to extend to their external relationships the rationalization revolution they managed within their boundaries. This does not mean, however, that the potential automation of existing relational practices is always useful. Most of the time, firms use inter-firm coordination processes that have been experienced and improved on for many years. Most of these processes were designed before the spread of information technologies to be efficient (or at least satisfying) in a world where these technologies did not exist. Consequently, many business practices and coordination arrangements rely upon a limitation of the information exchange requirements. The use of buffer inventories belongs typically to this type of coordination technique: as the information about final market needs and upstream constraints were difficult to gather, process and exchange, firms used buffer inventories to regulate the flows of input and output to avoid either input gaps or shortfalls in stock (Paulré, 1976) . In the same spirit, coordination arrangements based on routines -i.e. ex-ante designed collective behavior rules (Nelson & Winter, 1982; Favereau, 1989 ) -also enable users to limit information flows. When these types of information-savings coordination processes are used, information technologies do not represent a high potential for improvement. EDI is thus neither costsaving, nor efficiency-improving in many inter-firm relationships. This is basically why it is weakly spread -as compared to early forecasts -in many industries. On the other hand, EDI is a technology that make it possible to perform cheap and rich information exchanges when more information intensive coordination procedures are needed because alternatives processes are no longer efficient.
The process of implementation of Just-In-Time (JIT) coordination typically reflects this congruence between EDI and new coordination practices. Surplus production capacities and buffer inventories save information handling expenditures but they also generate costs and inefficiencies (under-usage of equipment, low turnover of circulating capital, long reaction period in case of misadaptations or defects in inputs or products, etc.). When firms are obliged to produce a wide range of differentiated products because of consumers' preferences for diversity, the use of nonflexible production and coordination techniques can become strongly inefficient. This has led several firms to implement JIT processes in recent years. In fact, these companies have been obliged to push for the implementation of JIT processes upstream and downstream in the production process, because this is the only way to secure the supply of inputs while avoiding the maintenance of tremendous stocks, or running out of output. The JIT processing of entire industries induced the development of JIT links between firms, which in turn required the use of JIT communication means, like EDI. The use of EDI is thus not directly due to the efficiency of electronic communication, but rather to the intensive, quick and accurate information flows required by new coordination processes.
EDI (and other electronic communication techniques) are necessary not only when firms implement JIT coordination processes. It is also helpful when they implement more flexible coordination processes -i.e. coordination processes that are not based on routines but on mutual quantitative and qualitative adjustments 10 . EDI is also useful when economic actors design coordination processes based on incentive remuneration systems -i.e. systems that link the remuneration to the actual contribution to productivity -because this type of remuneration requires the reconciliation of much information (for instance orders, invoices and receiving advices, or quality specifications and results of quality tests, etc...). In Brousseau (1993b) , I pointed out, from a survey of over 82 inter-company information systems, that these systems were essentially used to perform one of these three objectives: JIT, flexibility, or incentives.
As a consequence, the process of "EDI-zation" cannot be separated from the process of inter-firm coordination transformation. Moreover, the use of EDI is strongly related to a process of coordination arrangement uniformization. There are three justifications behind this:
-First, if firms want to implement more JIT, more flexible or more incentive coordination processes with their partners, this is because these processes better fit the efficiency and cost requirements inherent to their industries. They are thus encouraged to use the same type of coordination arrangements with most of their business partners (as stressed above for JIT).
-Second, firms are interested in writing off the development and implementation costs of new coordination techniques (and associated new communications techniques) over many transactions (even if they were previously performed by very diverse arrangements). Indeed these new coordination processes, especially JIT processes, necessitate substantial changes within firms. The required organizational changes, production process redesign, employee training, new equipment, etc. generate costs that both suppliers and buyers want to write off over the widest possible set of transactions.
-Third, to make external transactions uniform both on the procurement side and on the selling side simplifies the management of external relationships. -i.e. specific operational languages -that closely reflect their specific practices. As this development process is costly they are intended to use these languages, and thus duplicate these practices over a wide range of relationships; (2) EDI is often implemented to support interorganizational practice changes. These changes provide economic actors with the opportunity to standardize coordination processes. Here, EDI is not the determining factor of uniformization, but only an indirect enabling condition, because it is one of the technologies that enables firms to implement new and standardized coordination processes.
TOWARD A STANDARDIZATION OF COORDINATION PROCESSES?
EDI implementation is thus strongly related to a process of inter-firm coordination process standardization, essentially because the implementation of EDI is an artefact of the achievement of JIT, flexible and incentive inter-firm coordination procedures. The question now is: is this coordination process standardization possible, and if possible desirable ?
On the one hand, the degree and magnitude of the possible standardization of coordination processes has to be assessed. Indeed, since each country, each industry, and each closed group of collaborating companies has its own specific interaction rules and habits, whether standardization is always possible must be carefully examined. Empirical evidence suggests that there are many obstacles to the implementation of these standardized coordination processes ( § 21).
On the other hand, the desirability of the standardization of coordination rules, which induces uniformity, has to be examined. Although standardization may have beneficial effects by generating economies of scale and scope in coordination, as well as by inducing more competition, it can also cause inefficiencies by creating misfits between transaction requirements and coordination solutions, or inadequacies between coordination rule requirements and firms' abilities, or even dynamic rigidity.
Moreover, there are inherent defects in the JIT, flexible and incentive coordination mechanisms, and if these mechanisms became too widespread major inefficiencies could occur ( § 22).
Is it possible ?
There are two other questions behind this question, since we are not speaking of any standardization process, but of the organizational standardization that is linked to EDI implementation. The first sub-question is: is EDI implementable in each type of coordination process ? Here we are no longer speaking of the pay-off of EDI that pushes for a joint EDI/JIT-flexibleincentive-coordination-arrangements implementation, since it has been stressed above. Rather, we discuss the idea of the pure technical possibility of implementing EDI in all coordination processes.
The second sub-question is: are those coordination rules that are related to EDI implementable in any industry. Here again, the question refers to a technical ability and possibility, leaving aside cost considerations. In the following pages it will be pointed out that EDI is a technique which is an efficient means of achieving a particular kind of communication and of performing a certain kind of coordination which are specific, and slightly fitted to many situations. First, it will be explained that EDI is not wholly appropriate to communication needs when future information exchanges are difficult to anticipate. Second, it will be shown that coordination processes well fitted for EDI exchanges cannot always be implemented because they are adapted only to moderate uncertainty.
As pointed out above the use of EDI is not justified by a dematerialization of information per se, but by the opportunity to handle automatically the information that is exchanged among companies. This supposes that companies are able to anticipate all the information exchanges that they will need in the future. This is not always possible because they are sometimes unable to anticipate all these needs. This impossibility is due either to bounded rationality or to radical uncertainty -i.e. the uncertainty in which economic agents are not only aware of the probability of future events, but also the nature of these future events (Cf. Knight, 1921; Keynes, 1937; Shackle, 1973; O'Driscoll & Rizzo, 1985) . When protagonists in a coordination process are in such a situation, it is quite impossible for them to forecast the nature of the information they will have to exchange. Thus, they are unable to develop EDI messages that would meet all their future needs.
When the future is only risky in the sense of Knight (1921) -i.e. agents know the nature of the possible future events and their probability of occurrence -or even uncertain in the bayesian sense -agents only have a subjective knowledge about the probability of occurrence of the possible future events, but they know the nature of these events (Cf. Savage, 1954; Anscombe & Aumann, 1963 ) -agents are in a different situation because they know all the possible situations they will have to face.
EDI implementation is thus, at least theoretically, possible.
From a didactic perspective let us assume that there are two opposite types of coordination process among companies: the assembling of pre-manufactured goods (or services), on the one hand;
and the co-operation of productive assets, on the other. In the first case, each firm autonomously operates its own facilities, then one of the firms buys the others' output and assembles the different parts. The collective output is then an assembly of provisions (of goods and services) whose features have been qualitatively adjusted and designed ex-ante. This type of organization is implementable when the whole production process can be rigorously modeled ex-ante and divided into a set of separable independent tasks. Put another way, it is applicable when there is no innovation during the manufacturing process. In the second case, the collective output is the result of the joint intervention of the human, physical and intangible assets of several firms in a collective production process. Exante the precise output of each of these assets has not been fully stated because it will be specified during the production process by mutual adjustments. The precise inputs that the two parties have to bring are also not completely ex-ante stated. These situations correspond to increasingly uncertain coordination situations 11 :
-When coordination is reduced to the assembling of pre-manufactured goods (or services), it can be complex, but it is foreseeable. Indeed, in such cases we are in a risky but not radically uncertain situation. Once the service provided by each participant in the process has been fixed, the only problem is to adapt the actual intervention to the real situation. Since most of each participant's behavioral requirements were specified ex-ante, the sole coordination problem that has not been solved is that related to the logistics. Participants do not know the precise place, time and amount of pre-defined goods or services they have to deliver.
Coordination is thus solved through the implementation of information transmission
procedures that clearly state requirements in these matters throughout the production process.
The information exchanges that will be needed in the future are well-known ex-ante (this is, indeed, the extension to inter-company coordination of the logistic management methods that are used internally). This corresponds typically to the situation between automakers and their suppliers once the manufacturing of a model has been launched. Most of the suppliers have to deliver a set of completely defined and non-evolving parts. Uncertainty is reduced to uncertainty over the date of shipment and the quantities to be delivered. This is also the case in the relationship between retailing companies, transportation corporations, banks and their clients since these companies deliver pre-defined services. In these cases, EDI systems are easily implementable because the low level of uncertainty enables corporations to design languages that will ex-post meet most of their coordination needs.
-When the collective output is not completely ex-ante specified, and the precise inputs that the two parties have to bring are not completely stated ex-ante, coordination is highly uncertain because the output to be jointly produced, and the inputs to be coordinated, do not exist, or are unknown ex-ante. Take a joint R&D effort to produce and market, for instance, an innovation: generally, the parties do not and cannot completely specify what each will have to provide in the future, since they do not know exactly the result of their joint effort, or even their actual potential. Indeed most of these co-operation processes begin by a phase of mutual learning about the other's intents and effective potential (e.g. Ciborra, 1990; Niosi, 1992) .
Since the parties don't know exactly what they will jointly do, they don't know ex-ante the type of information exchanges they will need during coordination. As a consequence, EDI is not implementable to manage this type of uncertainty. This type of situation is more frequent than usually assessed. In fact, it concerns not only the joint R&D processes, but also all the situations in which there are innovations -even minor innovations like incremental process or design innovation -during the manufacturing process, and the situation in which the product and each party's inputs are not ex-ante specified. This is, for instance, the case in the French construction industry. In a recent study, pointed out that the construction process is highly uncertain. First, there are numerous hazards (weather, ground features, etc...) that can cause important dysfunctionings since the construction process is composed of many highly interdependent sub-processes from which chaotic processes can emerge. Second, the final product is often not completely specified ex-ante, because it is a very complex product, because most buildings are prototypes, and because latitude must be maintained to enable participants in the process to adapt their local actions to ex-ante not forecasted events and constraints (like a non-obvious defect in the ground). As a consequence, the diverse companies involved in a construction process have to adapt their intervention locally to unforeseen local problems that arise during manufacturing, because uncertainty is too great to forecast all the future necessary adaptations. These local adaptations require local bargaining, because they affect the other participants' intervention in the process, since interdependencies are strong. These diverse negotiations -that have to be performed in-situ and in a timely fashion to avoid slowing down the process -cope with very diverse questions: the nature, time, duration, etc. of the interventions. Thus, since the type of actual coordination problems that will arise is difficult to foresee, and since the variety of the arrangement dimensions is too great, agents cannot forecast the information they will have to exchange in the future. As a consequence, the development of EDI is almost impossible. In the French construction industry, these numerous mutual adjustments rely on face to face meetings, informal bargaining, in-situ communication, graph exchanges, etc... and not on formal paper-based and institutionalized coordination processes.
Hence, EDI is not implementable in all business relationships because EDI is associated with an automatic handling of information that both induces the ability to forecast future communication needs and to ex-ante design firms' possible behaviors. In fact EDI is useless both when the future is certain (because planned coordination is implemented), and when the environment is highly uncertain.
Not only is EDI not implementable in all types of existing relationship, but also it is difficult to implement coordination procedures which would be well-fitted for EDI exchanges in certain types of relationship. Let us continue the discussion of the French construction industry: if the actual coordination processes are not well adapted to the implementation of EDI communication processes, why not implement new coordination processes in which information exchanges would be more foreseeable ? The answer is simple: if the actual coordination is really radically uncertain, implementing rigidity in the coordination processes will decrease future flexibility and thus the efficiency of inter-firm coordination mechanisms. In the construction industry, a part of the uncertainty is endogenous in the sense that neither the project nor each participant's intervention in it are completely stated ex-ante. Moreover, it results from local adaptations and bargaining processes.
At first sight, one might thus think that the implementation of more rigidity and formality in the coordination procedures -i.e. a centralized coordination process with ex-ante precisely designed interventions -will decrease the level of endogenous uncertainty, and will thus engender a more efficient process. This is often actually impossible. First, the diverse firms involved in a construction process perform highly specific tasks, and there are very few "central coordinators" that would be able to take all these specificities into account simultaneously. Moreover, since firms on a construction site often operate on several sites, each central coordinator on a site would have to take into account the interdependencies among diverse sites to give instructions that meet the constraints of the diverse participants. A highly complex optimization process would be thus attained. Second, more formal coordination -i.e. ex-ante precisely stated interventions -will decrease the adaptation ability of the industry which is the key to its productivity. Indeed, as firms' behaviors are not completely bounded, the diverse participants in a construction process can flexibly and pragmatically adapt their interventions to the actual situation they face both in terms of physical constraints (unforeseen difficulties, weather, etc...) and coordination constraints (e.g. impossibility for a painter to operate simultaneously or before the plumber and the electricians, necessity for these last two to adapt their provision of service to the actual shell, etc...). Thus, the high uncertainty level which is both exogenous (physical constraints) and endogenous (relational constraints) in the construction industry cannot really be reduced. As a consequence, the type of relationship that is today On the other hand, it must be pointed out that the manufacturing of large quantities can push for the adoption of rigid coordination mechanisms to benefit fully from economies of scale and from positive technological externalities due to the stabilization of operations at a high output level. Such technological externalities often justify integration (see for instance Kindleberger (1968) and Caves (1971) for the case of Trans-National Corporation). But, in fact, when stable inter-company coordination processes are implemented, the stabilization of operations at a high level of output is also guaranteed. Recent contract theories (e.g. Hart & Holmstrom, 1987; Williamson, 1985) have indeed shown that it is possible to implement contracts that provide parties with a high level of reliability in the behavior of the others. Moreover, numerous research work on applied long term contracts indicates their stabilization properties (e.g. Goldberg & Erickson, 1987; Joskow, 1989) Thus in many capital-intensive industries -petroleum, chemicals, metal, food, textiles, etc...-relatively rigid coordination processes continue to be operated since they make it possible to fully benefit from economies of scale. Most of the time it would be inefficient to implement JIT and flexible coordination processes, since flexibility and diversified output are not required by competition and consumers.
To conclude: (1) there are coordination processes that require the use of informal communication techniques -i.e. human-intensive and based on face-to-face interactions -because, ex-ante, it is too complex -i.e. too long, too costly, or simply impossible -to foresee all the future information exchange requirements. As EDI techniques and related efficient coordination processes can be implemented only when most of the future possible operations can be ex-ante planned (i.e.
when innovation in the processes will be useless in the future), EDI techniques cannot always be implemented; (2), the coordination procedures that strongly require the use of EDI implement a special type of flexibility: programmed flexibility. This type of flexibility is misadapted either to industries where a very high level of uncertainty has to be overcome, or to industries where the fulfillment of potential economies of scale and technological externalities requires the use of relatively rigid coordination rules (i.e. coordination based on long term planning).
Is it desirable ?
The emergence of information technologies radically changed the ability to process and communicate information and made the coordination techniques that are intensive in information requirements relatively more efficient. But it did not make them absolutely more efficient. As pointed out above, coordination techniques based on weak information exchanges during the coordination process can continue to be the best available solution in many contexts. It would thus be dangerous to push for a generalization of the use of EDI and related JIT, flexible and incentive coordination solutions. One might think that this danger is only potential since EDI and related coordination techniques will be implemented only when these are efficient. Because of political or market power effects, however, some firms could be forced to use coordination techniques that do not meet their needs, and that can be sub-optimal from a collective point of view. Indeed some economic actorscivil services, large corporations, etc. -can impose the use of EDI systems and related coordination techniques through fear of diverse types of sanction (especially the stopping of orders to recalcitrants) (e.g. Webster, 1994) . This would amount to imposing misadapted coordination techniques that can generate dysfunctioning or simply transfer inefficiency sources from one firm to another. Consequently, although EDI and related coordination techniques could be spread though the industry, this does not mean that this movement always results in improvements in efficiency.
Beyond this point, it is important to note that there are several potential dangers associated with creating uniform coordination features, and especially in making them uniform around JIT, flexible and incentive coordination processes.
In a world of radical uncertainty, there is a strong potential danger in making uniform organizational responses to coordination problems. Indeed, as pointed out by Gaffard (1993) , in such a world, firms cannot base inter-temporal optimization processes on rational expectations; being thus certain to discover solutions that will be optimal whatever the future. Choices have to be performed step by step according to resource constraints (physical, human, financial) that were inherited from the past. Strategies have to be adaptive strategies through which firms try to optimize the valorization of their present resources, while avoiding their use in a way that will bound their future possible behaviors too much. This means, for instance, that they will choose market and investment strategies that will minimize sunk costs (Caves & Porter, 1977) . It also means that firms have to avoid over-specialization in order to be able to adapt to new and unexpected situations. The translation of this in organizational terms -either internally or at the inter-organizational level -is that firms should not implement organizational arrangements that would bound their future potential to adapt to contingencies. Since most coordination processes are not completely flexible -they are embodied in manufacturing capabilities, firms know-how, human capital, etc., and therefore are hard and long to transform -maintaining a minimal level of flexibility at the firm and industry levels induces the maintenance of diversity in the coordination processes. This ensures that a minimal amount of coordination procedures will always be adapted to new situations, while avoiding an overspecialization of firms' competencies in a specific type of coordination procedure.
The danger of organizational uniformity is reinforced since the standards to expand to are JIT, flexible, and incentive coordination mechanisms. Indeed each of these virtues can have harmful Last but not least, flexibility is useful only when the components in the process -i.e. firms -can efficiently match their processes to the reduced reaction delays. Often this is not the case, and flexible inter-firm coordination is then not efficient.
-Incentive coordination mechanisms can also have harmful effects. For reasons of clarity, we will hereafter restrict ourselves to a discussion of the case of an agency relationship (Ross 1973; Arrow, 1985) . On the one hand, incentive systems based on the combination of supervision and incentive remuneration schemes lead agents to be more efficient, while, on the other hand, strong supervision and a strongly incentive remuneration system can become counter-productive. First, it can become very costly for the principal, especially as there is decreasing marginal efficiency of the incentive schemes -in terms of reduced shirkingwhile marginal costs are increasing. Second, supervision and incentives can become unbearable for the agents, resulting in decreasing productivity. Third, the agent can learn the failures in the supervision system and then adopt strategic behavior through which he decreases the quality he provides without this being observed by the principal, etc. The agency literature has developed important analyses of the limits of incentive and supervision systems. (Cf. for instance the surveys by Lazear, 1987; Hart & Holmstrom, 1987; Brousseau, 1993a) Consequently, there are many reasons for maintaining types of coordination process other than those based on JIT, flexibility and incentives that are associated with EDI. These alternative coordination processes obviously have their own shortcomings, but they also make it possible to secure coordination, limit endogenous uncertainty, develop trust, etc.
There is a another reason that makes a uniformization of coordination processes around the processes related to EDI not completely desirable: the low level of dynamic flexibility. As pointed out above, the implementation of EDI and combined coordination techniques requires some type of specific investment (Williamson, 1985) since two parties deciding to use JIT, flexible, incentive and EDI-zed coordination techniques will mutually agree on common business practices and information systems features. The resulting specific investments limit the ability to switch easily to another partner, or at least, limit the switching potential to the small community of firms using the same practices and information systems. Even if it was not perfect, the switching flexibility was greater before since specific investments were at a lower level. Moreover, EDI tends to rigidify organizational responses. The removal of human mediation in inter-organizational coordination requires an ex-ante agreement over the content of the messages that will be exchanged. This limits the magnitude of future organizational evolutions. Since a given EDI message fits the information exchange requirements of a specific type of inter-organizational arrangement, it is probable that it would not meet the information requirements of new arrangements. As a consequence, these new arrangements would require the development of new messages. These will make organizational changes more difficult because, on the one hand, EDI increases the efficiency of the existing arrangement, and on the other hand, EDI adds to transformation costs. In fact, EDI and related coordination techniques implement flexibility, but of a very particular type: pre-programmed flexibility. This static flexibility is quite different to dynamic flexibility (Cf. Klein, 1986; Coriat, 1990; Bar, Borrus & Coriat, 1990 12 ).
Thus the generalized use of JIT, flexible and incentive coordination techniques is neither possible, nor desirable. Although EDI and its related coordination procedures are in some cases a factor of rationalization and of coordination improvement, the spread of these techniques has to be bounded. First, these coordination techniques have some defects that could be considerably emphasized if their use were generalized. Second, alternative coordination techniques continue to be more efficient in certain contexts. Third, alternative organizational options have to be maintained because the future is radically uncertain and because dynamic flexibility relies on maintaining several concurrent and complementary coordination procedures.
Conclusion
The diffusion of EDI techniques and EDI standards is often perceived as a (now) classical problem of the spread of a "traditional" technology and "traditional" standards. This lead to the analyzis of the relative slowness of "EDI-zation" as linked to the well known high cost of adoption in the starting phase of a technological cycle. It is assumed that this difficulty will be overcome in the future because of increasing returns of adoption that characterize most communication technologies.
This also lead to the interpretation of the difficult construction and spread of EDI universal standards in terms of lock-in effects (that will also be overcome because of the potential strong network externalities of universal standards). In this paper, I have tried to point out that since EDI is not a simple communication technology, but a technology that makes it possible to automate inter-firm coordination, the economics of EDI and EDI standards diffusion is different from that usually stressed. Because EDI-zation is linked to organizational phenomena, the outcomes of EDI-zation and universal standards change.
Basically, the argument is this: EDI is a technology which is -unlike the telephone -not a generic telecommunications technology but a language technology that is useful only to perform certain coordination practices. This implies that one must study EDI in relation to the coordination processes that are linked to EDI, and not as a technology that, per se, enables users to dematerialize information and to automate its processing. The use of EDI by itself, and a fortiori the use of universal EDI standards, are strongly linked to organizational standardization issues both within and between firms. This radically changes the pay off of EDI and EDI universal standards.
On the one hand, the implementation and the use of EDI techniques and universal standards are more expensive than usually stressed. Most often, the implementation of EDI is made in conjunction with organizational changes, that are inherently costly. It has also been pointed out that EDI languages have to be closely suited to the specific needs of specific users to be really efficient.
As a consequence, EDI is often expensive to implement event if EDI standards exist. On the other hand, the benefits of EDI and universal standards also appear to be much lower than usually stressed. First, EDI makes it possible to react better to a certain kind of uncertainty -because it increases static flexibility -, while it generates higher dynamic rigidity. Indeed, as specific EDI languages are closely related to business practices, they do not make it possible to permanently adapt these processes. Second, to be really efficient, EDI languages have to be made specific, which is opposed to universal communication. Indeed, the more specific an EDI language, the greater inter-firm integration. In this paper we have developed the provocative and sometimes contra-intuitive idea that this situation is not automatically inefficient. Third, JIT, flexible and incentive coordination that are related to EDI techniques have intrinsic biases. Fourth, uniformization is impossible in a world of diversity and radical uncertainty. Moreover EDI and related coordination techniques seem to be sometimes radically impossible to implement, since they are usable only in specific contexts.
These impossibilities, higher costs and lower benefits considerably reduce not only the desirability of "EDI-zation" by itself, but also the interest of an evolution toward universal EDI standards. Many firms are probably conscious of these high costs and of the danger of the uniformity and of EDI-zed transactions. This possibly explains the low diffusion of EDI and the relative under-development of universal standards. This reluctancy of users to EDI can also be explained by the fact that organizational transformations often have redistributing effects.
There are however industries where EDI and related coordination techniques are desirable.
Here again, taking into account the organizational issues linked to EDI issues is important to obtain a better understanding of the slowness of the movement. Indeed, organizational changes are inherently slow because they require material and human investments and are constrained by past choices (routines and habits, regulations, limited know-how of participants in the industries, capital accumulation abilities, etc. Cf. . Path dependencies phenomena in organizational matters are comparable to those pointed out for technological issues (Arthur, 1988; David, 1988 a & b) . They also explain why the implementation of coordination procedures requiring EDI is slow even when desirable.
These diverse elements call for a pragmatic approach to standardization in EDI. Most of the EDI standardization processes should be aimed at avoiding incoherences in messages structure and data dictionaries; especially to avoid ambiguities. However, trying to develop a real universal/nonoptional standard is doomed to failure. Indeed, this is what is actually happening.
Several "levels" of standardization can, however, be distinguished. Since commercial documents -i.e. those documents that are exchanged to complete a transaction, like bills, payment advices, etc… -are not too strongly connected to special types of coordination processes, the handling of this information could be standardized at the national, and even at the international level (as it is often already the case). There is thus a small space for international/universal EDI standards.
But the automation of these information exchanges is unlikely to lead to major efficiency improvements. Logistic information handling can probably be standardized at the industry level since the handling of this information is often already pre-standardized at this level. However, as pointed out in this paper, logistic information handling rules are strongly related to business practices intrinsic to a national industry. As long as these national industries remain coherent, and as long as changing inter-organizational coordination rules is costly, there will be no real movement toward an actual EDI universal standardization process in logistic information. Moreover, it would be useless:
since the handling of technical data concerns the core competencies in a business, the standardization of these information exchanges will probably continue to be restricted to small groups of collaborating firms. Indeed, most firms are dissuaded from sharing with their competitors their knowledge about the methods they use to code and automatically process information.
This obviously concerns EDI exclusively: i.e. the information that is destined to be automatically handled. Problems of information coding and standardization are less complex and less crucial when one speaks of the simple dematerialization of information exchanges. Indeed, in this case, completeness, unambiguity, etc., requirements of the used communication languages are less crucial since the interventions of human beings in the communication process authorize translation and interpretation. But as pointed out in this paper, EDI is the key-point in inter-firm coordination since it is the real enabling condition of major organizational changes.
